Introduction {#S0001}
============

Undifferentiated pleomorphic sarcoma (UPS), which used to be described as malignant fibrous histiocytoma (MFH), presenting a diagnostic and therapeutic challenge. MFH was first described in 1964,[@CIT0001] and it previously represented a group of soft tissue sarcoma (STS) which was considered to be of probable fibrohistiocytic or fibroblastic lineage. However, MFH classification was eliminated according to the World Health Organization (WHO) classification guidelines for STS in 2002 because of lacking true histiocytic origins and had been replaced by the term of UPS.[@CIT0002]--[@CIT0005] The diagnosis of UPS was exclusively based on the absence of a specific line of differentiation and it was challenging despite advanced techniques and careful histologic examination.[@CIT0006]

UPS was one of the most common STS which mainly occurred in patients between 50 and 70 years old.[@CIT0007] The majority of UPS occurred in extremities, it could also be found in other parts of the body such as the chest wall, retroperitoneum, head and neck and so on.[@CIT0007] Aggressive surgical resection remained the principal treatment. Local recurrence occurred in 13--42% of patients and distant metastasis could be found in 31--35% of patients despite aggressive surgery.[@CIT0007]--[@CIT0009] According to previous reports, chemotherapy might be palliative although it had shown some benefits.[@CIT0010] And, radiotherapy could be used for local control, however, approximately 3--5% of UPS occurred in a prior site of therapeutic radiation for an unrelated malignancy making radiotherapy controversial.[@CIT0011]

Currently, it is urgent to clarify and update the prognosis of patients suffering from UPS with a long period of follow-up owing to changes in classification criteria. Therefore, we conducted this study aiming to analyze the clinicopathologic features of UPS and identify the prognostic factors with a long period of follow-up.

Materials and Methods {#S0002}
=====================

Patient Selection {#S0002-S2001}
-----------------

Between November 2004 and July 2016, 130 UPS patients were treated at our hospital. All patients were entered into a computerized database during their hospitalization, and follow-up data were recorded for each patient. This study was approved by the Ethics Committee of Fudan University Shanghai Cancer Center and was performed in the light of the approved guidelines. Written informed consent was obtained from all patients. Patients would be included in this study if they met the following criteria: (1) surgical resections were performed at our hospital, patients received chemotherapy and/or radiotherapy only were excluded, (2) patients with other types of tumors synchronous were excluded, (3) histologically confirmed diagnosis of UPS, and (4) follow-up data were recorded completely. Clinical information such as patient demographics, tumor characteristics (site, size, grade, and depth), resection quality, history of previous treatment, AJCC stage, important structures (bone, vessel and/or nerve) involved or not, and adjuvant therapy could be found in our computerized database. Finally, 100 UPS patients with primary or recurrent tumors were enrolled in our study.

Resections were classified into 2 groups: gross tumor resection (R0) and palliative resection (R1/R2). R0 = referred to microscopic tumor-negative surgical margins; R1 = referred to microscopic tumor-positive surgical margins; and R2 = referred to macroscopic tumor-positive surgical margins. Tumor sizes (T-stage) were measured by the longest diameter using specimens resected after the operation and were classified into 2 groups, T1 (5cm) and T2 (\>5cm) ([Figure 1](#F0001){ref-type="fig"}). Tumors that originated above the superficial fascia without invasion of the fascia and tumors that arose beneath the superficial fascia with invading through the fascia were classified as superficial and deeply located tumors, respectively. Retroperitoneal tumors were also defined as deeply situated tumors. Tumor grade (G2/G3) was defined by the French Federation of Cancer Centers Sarcoma Group (FNCLCC) grading system.[@CIT0012] All tumors were staged by the 2010 AJCC standards.[@CIT0013] Important structures involved meant that at least one structure such as bone, blood vessel or nerve was invaded by tumor. The information of tumor depth, resection quality, tumor grade and important structures involved was determined by the surgical report and/or pathology report. All histopathological specimens were confirmed at the Institute of Pathology of Fudan University Shanghai Cancer Center by two pathologists ([Figure 2](#F0002){ref-type="fig"}).Figure 1Representative images of MRI (**A&B**).Figure 2Representative images of UPS stained with hematoxylin and eosin: (**A**) 100x; (**B**) 200x; (**C**) 400x.

Follow-Up Data and Statistical Analysis {#S0002-S2002}
---------------------------------------

Overall survival (OS) time was calculated from the date of surgery to the date of death or the last follow-up time. Local recurrence-free survival (LRFS) time and metastasis-free survival (MFS) time were measured from the date of surgical resection to the date of pathological or radiographic determination of recurrent or metastatic disease, respectively. For patients alive or without records of local recurrence or distant metastases, follow-up was censored at the time of last follow-up. Follow-up data were collected by phone calls and medical records. All 100 patients were followed up to either January 2019 or the date of death.

Median OS, LRFS, and MFS were estimated using the Kaplan--Meier method. The log rank test was used to identify potential prognostic factors such as tumor size, tumor depth, resection quality, tumor grade and so on. And, Cox proportional hazards regression modeling was applied to perform univariate analysis and multivariate analysis. The factors would be put into multivariate analysis if they were significant in the univariate analysis. All statistical analysis was conducted by SPSS 21.0 and the significance level for all statistics was set at *P*\<0.05.

Results {#S0003}
=======

Patient Characteristics {#S0003-S2001}
-----------------------

In this study, comprehensive data of 100 UPS patients who underwent surgeries at Fudan University Shanghai cancer center between November 2004 and July 2016 were analyzed. Data including patient demographics, tumor characteristics and so on are listed in [Table 1](#T0001){ref-type="table"}. There were 60 males and 40 females and the median age was 58.5 years (range, 15--85 years). Fifty-two patients presented with primary diseases and other 48 patients presented with recurrent diseases. The most common sites were the extremities (n=55), followed by the trunk (n=35) and retroperitoneum (n=9). The median tumor size was 5.75cm (range, 1--30cm). In all 100 patients, 49 patients presented with T1 (5cm) stage and 51 patients presented with T2 (\>5cm) stage. Besides, there were 2 patients with tumors occurred in the head and left atrium, respectively. Forty-nine patients presented with tumors invading deeply, which were comparable to 51 patients with the superficial tumor. According to the FNCLCC grading system, the tumor grades of 45 patients were intermediate grade (G2) and the other 55 patients' grades were high grade (G3). R0 resections were applied for 72 cases while the other 28 patients underwent R1/R2 resections. According to the latest 2010 AJCC standard for STS, 46 patients presented with stage II and 54 patients were stage III/IV. Important structures including bone, vessel or nerve invaded by tumors could be found in 27 patients according to the surgical reports, and the most frequently invaded structure was nerve (n=12), followed by blood vessels (n=11) and bone (n=11). Postoperative adjuvant treatments were applied to 31 patients, among whom, 19 patients received adjuvant radiotherapy, 11 patients received chemotherapy, and 1 patient received both. During the follow-up, 40 patients suffered from postoperative local recurrence, and 25 patients occurred distant metastasis, in which mainly metastasized to the lung (n=14).Table 1Patient CharacteristicsVariableTotal (N)Primary (N)Recurrent (N)Gender Male603327 Female401921Age (years) ≤60523616 \>60481632Tumor location Extremities552728 Trunk351718 Retroperitoneum972 Left atrium110Tumor size T1 (≤5cm)493118 T2 (\>5cm)512130Tumor grade G2452421 G3552827Resection quality R0724131 R1/R2281117Tumor depth Superficial512922 Deep492326AJCC stage II462917 III/IV542331Bone, vessel or nerve involved Yes271116 No734132Postoperative chemotherapy Yes1284 No884444Postoperative radiotherapy Yes20911 No804337

Data Analysis {#S0003-S2002}
-------------

Updating to January 2019, 56 patients died of disease or its complications. Median follow-up time was 94 months (range, 1.5--154 months). The 5-year OS rate, 5-year LRFS rate, and 5-year MFS rate were 53%, 55%, and 70%, respectively. The median OS was 70.5 months (95% CI, 35.5--105.5 months), while the median LRFS and MFS have not yet been reached.

Factors influencing OS, LRFS, and MFS in univariate analyses and multivariate analysis were listed in [Tables 2](#T0002){ref-type="table"}--[4](#T0004){ref-type="table"}, respectively. In the univariate analysis, patients with age \>60 years at surgery presented markedly shorter LRFS compared to patients with age ≤60 years \[hazard ratio (HR) =1.914; 95% confidence interval (CI), 1.025--3.575; p=0.0383\], while the difference of OS and MFS between the two groups was not statistically significant (p=0.0634, p=0.6745, respectively). As for presentation type, recurrent diseases showed an adverse OS and LRFS over primary diseases \[HR=2.147; 95% CI, 1.263--3.652; p=0.0039; [Figure 3A](#F0003){ref-type="fig"} and HR=1.888; 95% CI, 1.007--3.54; p=0.0396\], while there was no significant difference between the two groups for MFS (p=0.6991). With respect to tumor size, T1 stage had a favorable outcome for OS (HR=2.552; 95% CI, 1.493--4.36; p= 0.0004; [Figure 3B](#F0003){ref-type="fig"}); however, a significant difference was not be observed between the two groups for LRFS (p=0.5211) and MFS (p=0.0570). Compared to the patients with tumors above the superficial fascia, the patients with tumors located deeply would lead to a shorter OS (HR=1.894; 95% CI, 1.116--3.214; p=0.0160) and MFS (HR=2.192; 95% CI=1.006--4.773; p=0.0438; [Figure 4C](#F0004){ref-type="fig"}) other than LRFS (p=0.5265). Similar results were also observed in resection quality, R1/R2 resections would significantly reduce OS time (HR=1.966; 95% CI, 1.072--3.608; p=0.0112) and LRFS time (HR=1.953; 95% CI, 0.9588--3.979; p=0.0328; [Figure 4A](#F0004){ref-type="fig"}) compared to R0 resections. In regard to tumor grade, the patients with intermediate grade (G2) presented an obviously longer LRFS time compared to those with high grade (G3) (HR=2.55; 95% CI, 1.369--4.748; p=0.0072; [Figure 4B](#F0004){ref-type="fig"}). Besides, AJCC stage and important structures involved were significantly associated with OS, respectively \[HR=2.202; 95% CI, 1.297--3.736; p=0.0030 and HR=2.079; 95% CI, 1.094--3.951; p=0.0068; [Figure 3C](#F0003){ref-type="fig"}\]. In this study, other prognostic factors such as gender, tumor location, adjuvant chemotherapy and radiotherapy had no significant differences in OS, LRFS and MFS in univariate analyses.Table 2Factors Influencing OS in Univariate Analysis and Multivariate AnalysisOverall Survival (OS)VariableUnivariateMultivariateHR (95% CI)P ValueHR (95% CI)P ValueGender (male vs. female)1.178 (0.6925--2.006)0.5496Age (\>60 years vs. ≤60 years)1.639 (0.9682--2.776)0.0634Tumor location (trunk vs. extremities)1.078 (0.6347--1.83)0.7800Presentation type (recurrent vs. primary)2.147 (1.263--3.652)0.00391.821 (1.050--3.157)0.033Tumor size (T2 vs. T1)2.552 (1.493--4.36)0.00042.254 (1.290--3.938)0.004Tumor depth (deep vs. superficial)1.894 (1.116--3.214)0.01600.705Resection quality (R1/R2 vs. R0)1.966 (1.072--3.608)0.01120.227FNCLCC grade (G3 vs. G2)0.9386 (0.5514--1.598)0.8132AJCC stage (III/IV vs. II)2.202 (1.297--3.736)0.00300.241Bone, vessel or nerve involved (no vs. yes)0.4809 (0.2531--0.914)0.00681.836 (1.050--3.210)0.033Postoperative chemotherapy (no vs. yes)1.135 (0.5327--2.416)0.7536Postoperative radiotherapy (no vs. yes)1.819 (0.9787--3.381)0.1092 Table 3Factors Influencing LRFS in Univariate Analysis and Multivariate AnalysisLocal Recurrence-Free Survival (LRFS)VariableUnivariateMultivariateHR (95% CI)P ValueHR (95% CI)P ValueGender (male vs. female)0.9037 (0.4801--1.701)0.7497Age (\>60 years vs. ≤60 years)1.914 (1.025--3.575)0.03832.005 (1.058--3.801)0.033Tumor location (trunk vs. extremities)0.9831 (0.5276--1.832)0.9569Presentation type (recurrent vs. primary)1.888 (1.007--3.54)0.03960.477Tumor size (T2 vs. T1)1.221 (0.6547--2.275)0.5211Tumor depth (deep vs. superficial)1.219 (0.6537--2.272)0.5265Resection quality (R1/R2 vs. R0)1.953 (0.9588--3.979)0.03281.920 (1.014--3.638)0.045FNCLCC grade (G3 vs. G2)2.55 (1.369--4.748)0.00722.717 (1.322--5.585)0.007AJCC stage (III/IV vs. II)1.027 (0.5524--1.908)0.9327Bone, vessel or nerve involved (yes vs. no)1.362 (0.6429--2.886)0.3729Postoperative chemotherapy (no vs. yes)0.6899 (0.2726--1.746)0.3664Postoperative radiotherapy (no vs. yes)1.226 (0.5901--2.548)0.6011 Table 4Factors Influencing MFS in Univariate Analysis and Multivariate AnalysisMetastasis-Free Survival (MFS)VariableUnivariateMultivariateHR (95% CI)P ValueHR (95% CI)P ValueGender (male vs. female)0.8004 (0.366--1.75)0.5693Age (\>60 years vs. ≤60 years)0.7124 (0.3297--1.539)0.3959Tumor location (trunk vs. extremities)1.19 (0.5461--2.594)0.6566Presentation type (recurrent vs. primary)1.163 (0.5342--2.531)0.6991Tumor size (T2 vs. T1)2.074 (0.9453--4.55)0.05700.210Tumor depth (deep vs. superficial)2.192 (1.006--4.773)0.04382.219 (1.000--4.921)0.050Resection quality (R1/R2 vs. R0)1.07 (0.4435--2.581)0.8777FNCLCC grade (G3 vs. G2)0.9992 (0.4589--2.175)0.9983AJCC stage (III/IV vs. II)2.087 (0.9608--4.532)0.05870.170Bone, vessel or nerve involved (yes vs. no)1.616 (0.6347--4.114)0.2506Postoperative chemotherapy (no vs. yes)1.209 (0.3943--3.708)0.7560Postoperative radiotherapy (no vs. yes)0.8477 (0.3438--2.091)0.7072 Figure 3(**A**) Survival outcome according to the presentation type of tumor for OS; (**B**) survival outcome according to tumor size for OS; and (**C**) survival outcome according to important structures involved or not for OS.Figure 4(**A**) Survival outcome according to the extent of resection for LRFS; (**B**) survival outcome according to tumor grade for LRFS; and (**C**) survival outcome according to tumor depth for MFS.

In multivariate analysis, tumor presentation (HR=1.821; 95% CI, 1.050--3.157; p=0.033), tumor size (HR=2.254; 95% CI, 1.290--3.938; p=0.004), and important structures involved (HR=1.836; 95% CI, 1.050--3.210; p=0.033) were independently prognostic factors associated with OS. Meanwhile, age (HR=2.005; 95% CI, 1.058--3.801; p=0.033), resection quality (HR=1.920; 95% CI, 1.014--3.638; p=0.045) and tumor grade (HR=2.717; 95% CI, 1.322--5.585; p=0.007) were independent prognostic factors for LRFS and tumor depth was an independent prognostic factor for MFS (HR=2.219; 95% CI, 1.000--4.921; p=0.050).

Discussion {#S0004}
==========

Undifferentiated pleomorphic sarcoma (UPS), which was called malignant fibrous histiocytoma (MFH) previously, was the most common soft tissue sarcoma (STS). However, the diagnosis and treatment for this subtype of STS remained challenging. Currently, the available literature of UPS was limited because of the updating of the reclassification of STS. In order to better understand the biological behavior and clinical manifestations of UPS, we conducted this study for the purpose of describing the clinical features of UPS and identified predictors of poor outcomes.

In our study, gender, including 60 males and 40 females, which presented a slight gender bias, showed no significant differences associated with OS, LRFS, and MFS, which was in accordance with previous reports.[@CIT0014]--[@CIT0017] As for the age of patients, the optimal cutoff value differed from 40 to 70 in different reports.[@CIT0009],[@CIT0018]--[@CIT0020] In this study, the cutoff value of age was 60, and the age over 60 years showed a significantly worse LRFS in univariate analysis, however, multivariate analysis revalued that age was not an independent predictor for LRFS, which was in line with previous reports despite the slight bias on the optimal cutoff value of age.

Compared with tumors that occurred in the extremities, trunk tumors showed no statistically significant difference for OS, LRFS, and MFS in our cohort. However, one report[@CIT0021] showed that tumor located in the head and neck had a favorable prognosis due to a smaller size and a lower grade contrast with Sabesan, who reported that head and neck tumor would have a poor outcome because of the inadequate resection.[@CIT0022] To sum up, the tumor size, grade, depth, or important structures involvement may play a crucial role in patient prognosis.

Because of differences in the level of diagnosis and treatment, almost half of the patients presented with recurrent diseases in our study. And, we found patients with recurrent diseases had a significantly worse outcome for OS and LRFS in univariate analysis. The result was consistent with the studies of Lehnhardt and Guo.[@CIT0018],[@CIT0023] What's more, tumor presentation was an independent predictor associated with OS in multivariate analysis. This discovery suggested that initial treatment should be careful by experts in the field of sarcoma.

With respect to tumor size, the optimal cutoff value differed from 5cm to 10cm in various literature. We classified patients into two groups, the T1 (5cm) group and T2 (\>5cm) group. Multivariate analysis revealed that tumor size was an independent prognostic factor for OS, which was in line with Peiper and Ozcelik.[@CIT0016],[@CIT0024] Besides, Roland identified that patient with a tumor smaller than 10cm had a favorable outcome.[@CIT0014] What's more, Roland and Doussal reported that larger tumor size was significantly associated with poor prognosis for MFS in spite of the slight bias on the optimal cutoff value, which could not be observed in our study.[@CIT0014],[@CIT0020] We believed that these different outcomes in different kinds of literature could attribute to the difference in the optimal cutoff value of tumor size according to Grimer's research on size matters for sarcomas.[@CIT0025] Due to the deep location, the generally large size of UPS, the tumor often invaded the important structures such as blood vessels, nerve and bone. In this cohort, important structures involvement was an independent prognostic factor on OS. Therefore, we advocated plan resection in professional sarcoma center at the first visit.

According to previous studies, some studies reported that deep tumor was not related to worse OS,[@CIT0014],[@CIT0017],[@CIT0023] while some studies showed that significant difference between deep tumor and superficial tumor on OS or DSS.[@CIT0016],[@CIT0024] In our study, we found that patients with deep tumor had a worse prognosis for OS. There was no significant effect of the deep tumor associated with LRFS in some literature, and our study was in line with them. However, we observed that deep tumor had a worse outcome on MFS, which was consistent with Ozcelik's study.[@CIT0024]

As for resection quality, our study revealed that R0 resection was a favorable prognostic factor for overall survival and local recurrence survival, while there was no significant difference for MFS between patients with R0 resections and patients with R1/R2 resections. Our results were supported by previous studies,[@CIT0014],[@CIT0016],[@CIT0023],[@CIT0024],[@CIT0026] and these data manifested that clear surgical margin was a favorable prognostic factor for local recurrence. So we tried our best to obtain a clear surgical margin and advocated extended resection for patients who had unplanned resections in our center.

The influence of tumor grade on prognosis was reported by the majority of the literature. According to the French Federation of Cancer Centers Sarcoma Group (FNCLCC) grading system,[@CIT0012] we classified patients into two groups \[intermediate grade (G2) vs. high grade (G3)\], and our results revealed patients with high-grade tumor showed an adverse outcome associated with LRFS. The patients' AJCC stage was also evaluated in our study, and we found a significant difference between the AJCC stage and OS. Hsu revealed that stage III/IV was correlated with worse OS and MFS,[@CIT0017] while Winchester found an association between AJCC stage and LRFS and MFS.[@CIT0027] Generally, advanced patients presented a worse outcome in any kind of tumors, so we advocated early diagnosis and early treatment.

In terms of postoperative adjuvant therapy, adjuvant chemotherapy remained controversial in UPS and our study showed no benefit of it, which was consistent with some reports.[@CIT0010],[@CIT0028],[@CIT0029] However, it was found that the malignant behavior of UPS may be related to epithelial--mesenchymal transition (EMT) in one transformation study, and the expression of some genes such as laptm4a and laptm4b related to chemotherapy resistance was also found, which has been reported in other chemoresistant tumors such as breast cancer.[@CIT0030] This research helped us to understand the molecular characteristics of UPS more deeply, and given us a certain understanding of UPS chemotherapy resistance. In addition, some new fusion genes including PDGFRA-MACROD2, NCOR1-MAP2K1 were found in Zheng's research, which provided an important clue for targeted therapy.[@CIT0031] As for adjuvant radiotherapy, Belal[@CIT0009] reported that adjuvant radiotherapy was related to a decreased risk of local recurrence and Hsu[@CIT0017] showed it could improve local control, while our data showed no benefit in prolong overall survival time, local recurrence time and metastasis time. Besides, radiotherapy could lead to radiation-associated UPS, which was associated with worse clinical outcomes than sporadic lesions.[@CIT0011] So the dose and time of radiotherapy should be controlled strictly.

Conclusion {#S0005}
==========

UPS was one of the most common types of STS with generally large size and frequent proximity to vital structures. R0 resection remained the mainstay of treatment. In our study, tumor presentation, tumor size and important structures involved were independent prognostic factors associated with OS, which justified the early and primary treatment was very important. We hope our study may facilitate further prospective research and clinical decision-making in UPS patients.
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